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Tho Telcvisioa Eslxriment. objcctivcs nrc to provirlc imaging t1at.a T.rhich will 
cornplemer~t, previously gilthcrccl data alltl c~stcncl our la~owltxlgc of At~rs. The 
two t.ypcs of investigations \vill l)e fisctl-feature (for Innpping) ant1 vilrinble- 
fcatnre (for surface antI ntlnoxphcric chnngc~). ‘Two c;lnlcras with n factor-of-ten 
diffcrenco izl resolution xvill be 11sctl on each spacecraft for mcclirlm- and high- 
resolution imagery. Nappilig of 70:; of the pIntlet’s surface \vill bc provided by 
medium-rcsolut ion itllilpC?ry. Spot co\-CIXgC OC ilbout 5’; of the surfux n-ill bc 
possible xvith the higll-resolution imagery. 

The cspcrnncr~t’.s 5 Prillcipal Jnvcst igators and 21 Co-Investigators nrc 
orgnnizcd into i’L tenm. Scientific disciplines kind technic;\1 tn*l; groups have been 
formed to provide thcforcl~r~l~~iio~~ ofcxpcrimcnt rcquircm~~t~ts for mission plnnning 
nncl instrument tlrrrlopmcrlt. It is oupcctcd thEIt the team concept x\-ill continue 
through the rqxw~tional and reporting phases of the 31;1riner Jlnrs 19il Project-. 

1 This \vork W’BS performed for the ,Jct Pro- n:iutics ant1 Spxo i~tlminislmtion, untlcr 

pulsion IA~orntory, Californin Institiito of Contract, So. SAS 7-100. 
‘~ech~~Jo,oy, sponsored by the Sntionnl Arro- 
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I. IKTR~I>UCTI~N 2. Orbital Scietzti$c Ol?jwliws 

The television studies in orbit consist of 
t\vO types of scientific in\-cstigations: 

fixed-fcaturcs and ~nrinble-fenturcs. In 
the fix&fcnturcs inrcstigation, t-he sur- 
face features will lw seen at greater rc- 

solut,ioil than possible from olmmxtions 

b-f t&scope from Eart~h and more com- 
p1etc1\- t,11an by ~lnJ*illcJx I\‘. 1’1. and \‘LT. 

The objcrkircs of the fisccl-feal ures 
invesl igatioii are as follon-s : 

(I) To obt nin a broad range of image 
inforJnation to be u.-:cd for regional strati- 

graphic studies of tec+onic features. crate 
configuration and distribution, and local 
surface environnicills. 

(7) To measuJ‘c. by photometric and 
I)liot-of;r;LmJnetri~ anal;\-sis. surface slolws 

and elevations; t 0 dctcrmine surface 
brightness and :lll.wdo difl;~renccs: aJJd to 
perform aiinl~ses wln~ed to iJJi1wovi~Jg 
the accuracy of tile 1~1101onictric I’unctioil 
for variou;; regions oil ,\lars. 

(s) To obtain impovcd vnlucs for the 
figure of t.hc planet aiid tlicrcby in\-cst igntc 
possible depart ures froun hydrostatic 

equilibrium. 
(4) To stud\- the swface cllwncte~istics 

of 1’1~01~0s and Ikiiiios. 

Tlic rarinblc-f(~utn~rs investigation wili 

study i;iJne-\;arinl>lc plic~~oi~ie~ln on the 

surface and iii tlie nttJJ0splIwc of 3lars ii~ 

order to obtain inf0J~Jnnl ion 0JJ at Jnospl~eric 

stmcfure and circulation. details of diurnal 
and seasonal cllnn,g,cs, and clues rc*,gardillg 
the 1,ossibility of IIlc 011 Mars. The spccitic 

phenomena to lx stutlivd are the fallowing : 

(1) The ‘Cwavc of darkening.” 
(‘3) Polar caps a11d capedge l~trc~no~ucnn. 
(3) Sightside atmoslJlleric and surface 

fl~lOJ’CSCC?JJCC. 

(4) IJaw in the at niosplJcrc. 

(5) \\‘hitc “clouds” ill nonl)o1;11~ qions. 

(6) Dust. clouds n11d dust storms. 
(7) PlleJloUlena ofl)ossiLle esobiological 

significance. 

IMails of these invcsiigations and a 
descGption of tlic Jlarincr 11313 1071 
tclcvision sulq-St cm are lwcsentcd in the 
foollo-\\-iiig sect iorls of 1 his paper. 
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12 II. &WJI1SKY, ET AL. 

Investi~hx Alliliation JPL Corrtract 

J. Ledcrberg, Proposala 
E. Lcvinthal 
c. Sagan 
J. Pollnck 

H. Mnsursky, Proposala 

J. McCauley 

D. Wilhclms 

31. Carr 

D. Nilton 

It. Wildey 

W. Borgeson 

R. Batson 

B. Smith,b P. I. Appointment 
7/l/60 

B. Murray, Propod 

31. Davies 
JV. Hnrtmnnn 
N. Horowitz 

R. ‘Leighton 

c. Lcovy 
T. JfcCord 

R.. Sharp 

IV. Thompson, Proposda 

G. Briggs 

P. Chandcysson 

E. Shipley 

G. de Vaucoulcurs, Proposnl” 

Stanford University 
St,anford University 
Cornell University 
Cornell University 
U.S. Geological Survey 

U.S. Geological Survey 

U.S. Gcologicul Survey 

U.S. Geological Survey 

U.S. Geological Survey 

U.S. Geological Survey 

U.S. Geologicnl Survey 

U.S. G&logical Survey 

Sew Jloxico Stntc 
University 
Cdiforllix Instit.uto 
of Tecllnology 
Rand Corpw~tion 
University of Arizona 
California Institute 
of Tcchnolo~y 
Cnliforzlic\ Institute 
of Technology 
University of Wnshington 
3Inssachuact ts Institute 
of Technology 
California Institute 
of Tcchrlology 
Hellcomnl, Inc. 

Bcllcomm, Inc. 

Bellcomm, Inc. 

IMlcomm, Inc. 

University of Texas 

952489 
932489 
952487 
952187 
Defense Purchase Request 
(DPR) \\‘o-8122 
Defense Prirchase Request ’ 
(Dl’Jt) 11’0.8122 
Dcfcllsc Purch~we Request 
(DI’R) 1VO-812% 
Dcfcnse Purchxx Request 
(DI’R) \yO-8122 
Dcft~nsc Purchase Rrquest 
(Dl’J<) \VO-8122 
Dcfcrrsc Purchnsr: Rcqucst 
(DJ’R) \VO-8122 
Dcftbnsc Purchase Hecl~xst 
(DPR) IVO-Sl22 
Drfcnsc rurchasc licquest 
(DI’R) \VO-8122 
952158 

JPJ,~C~~rnpus Contract G9829, 
California Institute of Technology 
500954 
952488 
JPL/Campus Contract 69529, 
California Institute 0fTcchnology 
JPL/Campus Contract 69829, 
California Institcltc of Technolo,T 
932491 
952499 - 

a Principal Invrstigators arc uldcr Jet Prop~llsiotl Laboratory sulxontrncts, ol~i;;idly sponsoretl 

by the Xationnl Acronnutics +ncl Space ;~tl,nirli~tr;ltiull, untler Contract NXS 7.100. 
b Because of the prcasuro of other commitlucnts, 13. JJurray xv:~s replaced by 13. Slnith on July 

1, 1969. 
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The nominal inissiou is dcsigued for a 
duration of 80 days. IIowevcr, various 
hard-ware moditications may make it 
possible t.0 cxt~eiid tlie lifetime of the slx~cc- 
craft to a year or more. Incwasing distance 
of t.he spacecraft aud 3lnrs from the Earth 
mill then reduce the rate of data flow to tlrc 
equivalent of only 50 to 100 pictZures per 
month. 

‘371 TV ESPE:IIIJIE?;T 13 

The Princilxil Investigators and Co- 
Tnvestignt~ors who submitted eslwrimcnt 
prol~osals to use tele~~isioii imagery (see 
Table 1) were regrouped to fuuclion col- 
lect~ively as the Xlarincr Mars 1971 tele- 
vision team. The t&xision team matris 
is slio\\-n in Fig. 1. The team discipline 
or t.aslr group nionbers were choseu from 
the invcst8igators associated with the 
selected lxoposals. 

Coordination of t,lie television t~cani 
efforts is pcrforrucd by the team leader, 
who was nnrued by K,Md in consultat~ion 
with the l’riiicil>al luvcstigators iu the 
area of tclevisioi: imagery. The tc9m lender 
furnishes Project ~tnnagement~ \\-itli re- 
commendations concerning television 
equipment fabrication and modification, 
testing, calibration, mission operations 

II. ORGANlZATIOS 

Opcrat ing i~clatioiiships for the television 
experiment, showing t,lie organization of 
tShe 1~rol~osed investigators int 0 a team 
effort, are discussed in the following 
paragraphs. 

J. POLLACK 
R. WILDEY 
G. deVAUCOULEURS” 
8. MURRAYO 
8. SMITH” 
N. HOROWITZ~ 

GEOLOGY I 
J. McCAULfY 

M. CARR 
W. HARTMANN 
D. MILTON 
R. SHARP 
0. WILHELM.5 
H. MSURSKF 

I HARDWARE 

1 B. SMITH 

P. CHANDEYSSON 
R. LEIGHTON 
W. BORGESON 
E. LEVIM HAL 

H. MASURSKY 

DISCIPLINE GROUPS 

EXOBIOLOGY 

J. LEDFREERG 

C. SAGAN0 
W. tl4RTIjANN’ 
E. LEVINTHAL’ 

TASK GROUPS 

MISSION ANALYSIS 

W. THOMPSON 

J. POLLACK 
C. SAGAN 

W. BGRGESON 

I AlhlOSPHERIC 
PHE NO!.qE NA 

W. THO!.‘PSON 

J. POLLACKO 

DATA PROCESSING 

P. CHANDEYSSON 

, 

GEODESY,’ 
CARTOGRAPHY 

;. deVAUCOULEURI 

R. BATSON 
W. BORGESON 
M. DAVIES 
B SMITH0 

Fro. 1. Pltotoititet~plctatioll team matrix. 
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Focal Irnglh (mm) 
Focal length ratio 
Shtrttcr speed rang0 (mscc) 
Angular field of virw (clcg) 
Activr vitlicotr target raster 

h-1 
Ktunhcr of ridicon rcsenu 

marks 
Scnn lines per frnmo 
Framct time (SW) 
Picture clcnicnts per lint 
nits per picture elcmrnt 
Video carrirr frcqnpncy (kt-Iz) 
Vidro bns~band (ICI-1~) 
Vidro sampling freqtxncy (IrFiz) 
Video passband (ItI-Ix) 
Resolution at 1800 km 

g.0 
3 to 6144 
11 by 14 

9.6 by 12.5 

111 
700 
42 
832 
9 
283 
7.33 
14.7 
21.45 to 36.15 
1 km prr pictlrrc 

Brightness range in nutotnatic 
scquencc (ft.Lamberts) 

Iligh 
Jtcditnn 
Low 

elcrncrit~ pair 

2200 to 44 
11ooto22 
550 to 11 

111 
700 
42 
832 
9 
28.8 
1.35 
14.7 
21.45 to 36.15 
0.1 km per picture 

clement pnir 

2200 to 44 
1100to22 
5.50 to 11 

srmdrnl nndlor wlarisin,o filters in the 



VIDKON + BANDPASS llANDPAS5 - 
FILTER FILTER 

L L 

t 
PREAMPLIFIER - POSlA,,VLIfIER 

r 1 

SYNCHRONOUS 
DEMODULATOR 

BUFFER 

FIG. 4. Video signnl prowssing. 

antennas of t.he Deep Space K&work arc pictures will be recorded in a continuous 
cnpblc of receiving pi&we dfltn, but8 at a alternating camera sequence. Iii this 

Illucll lower bit rate t.11a11 the 21O-ft mode, t~llwo are tfnw briglltness rancws, 

t-mtcm~~ at Goldstonc, Califorllin. ‘l’hcre- IVlliCfl a1.C tfle Silllle for l.)OtIl C~lllCr~S, 

fore, most, pict,urc playbacks must use the glvrn, n total brigfllrncss rniige of from ’ . c, 
210.fl, antenl~n. 11 to 2200 ft~-Lalrll.mts. 

In ndditicm t’o l)uffering the television 
dnt.n, tfw I>AS sufIplics the various t.irning 
control functions for the television suwp 
circuits, and can~]rutes the average video 
Icvcls of each wide- (or narrows-) angle 
picture to set the vidicon csposure time 
for the next \vidc- (or nari*ow-) angle 

pict’urc. 
‘The resolut,ion of surface features and 

of Ihe. area in tfle rleld of vie\\. of each 
camera is dcprndcnt on 1 he slant range 
from the cameras to the plaiict~ary surface. 
\\‘itfl the camcras pointed in the nadir 
direction and the spacecraft at an altitutlc 
of 1600 km, surface resolution in the lvidc- 
and narrow-angle cameras cowcy~o~ids to 
about 1 and 0.1 km, respecliwfy. The 
definition of resolution used here is 
described l~low. 

It is possible, 1)~ ground command, to 
take one single wide- or narrow-a~gfc 

pict,urc, to t,ake pict-urrs in wide- and 
narrow-angle pirs at sclectetl f)oiiits 011 

tflC SUl’fXe, 01’ t.0 t&2 ;1 JlliXC’d S~(~llC”CC 

(WidC, Ila1’l’o\\~ 11:11’1:0u 

;hc 
Ivide, etc.) of 

pict,urrs until tape ‘rrcortler is filled 
(about 3P pictures). In the automatic- 
esposurc-cant rol mode (no use of an owr- 
riding ground command), tfle tcfcvision 

The television cspcrimcnt. on Uarincr 
Mars 1971 consists of two distinctly 
different-S, but coniplementnr~, tyfws of 
invcstig,ation.s , 01713 of which n-ill be 
assigned l;o eac11 of the two spacecraft. 
The first, which is rallcd the fixed-fcntures 
invcstigntion, serves a n-idc range of basic 
data needs and is &signed principally to 

define the geology and t,of~ogr:~l)hy of 
JlarS at, reso~ll~.kJl~S collsistcl~t Ivitfl broad, 

contiguous coyerage. This investigation 
en11 be cont111rtMf 1nost c&cic!ntl~ by a 

12-hr Goldstol~o-s~~ncl~rollol~s orbit, of l;igh 
inclinnt%3l (50 to SO dcg) with prinf6is 
initially about. 1.3 dcg from the terminator 
(we Fin. 5). Tl 1 lc, second and more comf~fcs 
mission, cnllrd the varinblc-fenlures in- 

vestigation, is concerned lJrilnnril!* n.it.11 the 
detnifrd study of diurn;ll: scasonnl, and 

secular vnriat.ions, including surface and 
atniospherjc pl~e~ionic~ia. The varinble- 
features invcst~ignt ion can be conducted 
most. eficicntly by an orbital period of 
32.8 hr, a. 413 harmonic of the planet’s 
rotational period--with periz~psis chosen 
to lie either near t,lic tcrniiiwtor or the 
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RANGER VI 

o- bnplund E I_- _- 
178 __-.- 

iI 

: 
170 

04 
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RANGER VII 

-_ 

-_ 
3 4 

(Ilk) 
6 7 

l-J10 diameter, cm 

canma for Mnritwr MXS 1071, from n 

pcriapsis altit.udc of I.500 IiIll, is 4 Itin. This 

does not 1nea11, however, that OllC can 
nct.unll~y rccogriizc J-kin objects on tlie 

surface. For any givrn spcccraft tplevisioiL 

sLlbsJ-stcln, t,lle size of the s1i1:111cst re- 

cogiiiznblc 0Ljcct is n function of overall 
target contrast, I\-hicli is highly tlcpcndcnt 
011 Sun elevation, shape, shnrpii~ss of 

outline, and other factors. For esnrnplc, 

high-contrast objects such as frw;lL, young 

craters are 1norc dctCTtnble tll:~Il suhcluctl, 

oltlcr ixatcrs. Tlir2 more nL~nw1’0us small, 

subdued craters of an iriipacl l~ol~ulation 

cannot be seeu nc~w the resolution limit ; 

11o\vcver, mull, sharp craters of t,1tc same 

size are readily tlctcctnblc. TlLe obserwcl 

size-frcqucncy tlistribatim is thus ccn- 

sorcd as it approaches the resolation limit 

of the systenL ; cun~ulative ctatcbr couuts 

usL1al1p slLow a “roll-over,” or thttening, 

at about ‘L to 6 times tlLc size oftlw suinllest~ 
ident.ihblt crater. This cffcct cm be scell 

in Fig. 7 from tlv2 LtnpLLblislLd terrain 

analysis work by Wgar liailcy, U.S. 

Geological SLLrvey, who pLqMTx1 CulnLl- 

lntivc crater counts from single, nested, 

progressively higher resolution IXnngcr 

‘\‘I1 francs. Tlic uunirhtivc plot for each 

. 
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SUN tLEVkllON ANGLE, deq 

90 

, 

IIright of 15OU hi, t.lIe dctectioI1 rcaolutio71 

of t,lIe NnriI~Cr Jhix 1071 I\-idc-angle 

camera will bc about 1.5 kin): then t11C 

cfl‘ccts of incrcnsing light i7Ig illlglC call be 

assessed. At, n Sun clwy-ntioll of 30 deg. tllc 

tlctcction resolution falls OK by about, n 

factor of 2. ‘l%us, dctecto~ilit~~- is at a 

mnxin~u771 ncnr the tcr7niiIator l~ecnusc 

of the cnl~allccd contrnst ]wotlllcNl 1)) 

s11ac10\vs, nntl it; dc~rcases with high 

ill117ni7intio7I. The second curve defines 

the zone of idcntifi:~nt~ioIi rcsolutinn iI1 

\\~lIicll 0iIc can discriminntc bet~r-ten topO- 

piphic fwms snch ;3s hillu, pcal;s, craters, 

etc., but in v~lIiClI tl701~017gh ]jl70tO~cOl0gic 

analysis is not piacticnl. l’hc clnasificnt ion, 

or geologic Innl)ping ciirvc, has been 

ddcd t 0 KCc71e’s plot, by co7npwI*ison of 

the s7nallv3t. ohjccts ninpped by- the U.S. 

Geological S17ny- to tlic detection rc- 

solutions of the Ranger and Lunar Orbiter 

spcccraftS. In gcmm~1. there is almost, nn 

order of n~ngnitl7dc clifTwcnce l~etnwi~ tlie 

St Ll~ldiild dct e&ion mnlution :IIld t IIC sire 

of the small& g~‘ologiCnliy cl:issifietf 

feature, irrcspcctive of variation in Sun 
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FIG. 10. Relntionship of norrow-angle camera. covcragc to wide-allglc camcut footprillts. 

RESOLUTION 

1 mm Icrr IO cm lf?l 10 m IOr) m I km IO km 100 km 1000 km 
I / I 1 

--------------_-_ CIRCtJLAR BASINS: DISTiilEUTION OF MAQIA AND TERRAE 

IMPACT CRATERS: SIZE AND AGE CONTlNUUhl -----_--. 

-----------______ CIRCUM-SASIN PLANKCTS AND STRUCTURES 

--------_-_____-_ TERRA BASINS AND LIGHT PLAINS 

CHAIN CRATERS AND RILLES ------------- 
DARK BLANKETING UNITS --------_--_-____ 

DOMtS, RIDGES 
-----------_-__-_ 

CONES AND ISiEGULAQ CWTERS -----_--_--_-- 
CALDEPAS AND VOLCANO-TECTONIC DEPRESSIONS ----------__- 
H’ISRID CRATERS, IRREGULAR CRATERS ----------___- 
HYWID TEPQ& UNITS -----_-__-__- 

LANDSLIDfS, SLLWPS ----------- 

“PATTERNED GQOlJN3” - CREEP -----_-__ 
LOCAL NOh-Ij.‘PACT FRACTU%E PATTERNS ------_ 
TALUS /rPRONS, Oi?QlS ST?IPES 

-----_ 
BASE SWGE PATTEPNS -----_-__ 
REGOLITH DEPTH VAPIATIONS -------- 

BLOCK DIST?IB’JTlONS AND b.‘,OVEMENTS ---- 
_ SOIL AKD BLOCK FABQICS 

SO1L SIZE AND SORTING 

“EQUILI6QATlON FEATURES” “ENDOGENETIC FEATURES” “EXOGENETIC FEATURES” 

TELESCGPIC STUD%+ 

RANGERS VII, VIII, IX 

(MAPPING MISSION) 
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